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The cause of bovine leukemia* is unknown. Most of the present knowledge of this disease has been gained through epidemiological studies. These studies have shown that the disease occurs with high incidence in certain geographic areas (1,3.8927,31) , enzootically in herds (2, 9, 16, 24) , and in particular families within herds. (4, 11, 13, 30) . Several investigators have also reported observing persistent lymphoeytosis in normal cattle in high incidence leukemia herds. 2, 7, 8, 10, 14, 15, 16, 19, 22, 26, 28, 31) A strong association between preclinical persistent lymphocytosis (P.L.) and the development of clinical leukemia has been reported from studies of leukemia herds. (2, 7, 16, 28, 32) The appearance of bovine leukemia in certain geographic areas and herds may represent foci of infections if, as is believed by most investigators, the disease is caused by a virus. Similarities between bovine leukemia and the viral avian.: feline, and murine leukemias also Reports of etiological studies on bovine leukemia i.e., viral isolations and transmission experiments, have been encouraging but as yet inconclusive. (6,12,lg,21,23,25, 29) Definitive proof of etiology must await clearly defined and well controlled successful transmission experiments using specific isolates.
The present report deals primarily with clusters of leukemia cases which had common neonatal associations (neonatal cohorts) ..
These close temporal-spatial relationships were examined for evidence of natural transmission of bovine leukemia at an early age, which
would be consistent with the demonstrated increased susceptibility of young chickens and mice to leukemia viruses.
Materials and Methods
Eleven herds were studied in which two or more adult cases. of bovine leukemia had been diagnosed and which had reliable pedigree and birth date information. Eight herds were Holstein,. one was Jersey, one Red Polled, and one Milking Shorthorn. The number of adult cattle in the herds ranged from 16 to 100 with an average of I.
48 cows. The leukemia cases were all of adult a,ges and the. diagnoses were confirmed at necropsy.
Hematological studies were conducted semiannually on all_cattle 2 years of age and older in the herds for periods ranging from 4 to 1 -3-7 years. Total leukocyte counts were done on blood preserved with sodium ethylenediaminetetra-acetic'acid in a electronic particle counter.* Two hundred cell differential counts were made of freshly prepared Wright's stained blood films. A minimum of one year of study and two hematological examinations were required for data analyzed.
The animals are dichotomized into persistent lymphocytotic and nonlymphocytotic groups by use of Bendixen's "Lymphocyte Key." The term neonatal cohort as used in this paper. connotes an adult group of cattle which were born in a common 28 day period of time. For presentation purposes the neonatal cohorts· are designated by the predominant month of.birth for each.cohort.
Results
Cohort Studies --Birth records of 11 high incidence leukemia herds were studied. In 7 herds 2 or more adult. leukemia cases, in each herd, had been born in a common 4 week period. (Table 1) .
Four of these herds (2, 275 31,. and 39) had 2_leukemia cases each,
-. 4 -2 herds (1 and 32) had 3 leukemia cases each and one herd (23) had 4 leukemia cases born within a 4 week period. In 5 herds the birth date intervals for the leukemia cases were 2 weeks. or less.
The 7 herds· with high leukemia incidence neonatal cohorts had The 66 (29%) P.L. daughters of cows with normal lymphocyte counts could not be satisfactorily attributed to sire effect. Examination of birth dates on these daughters did reveal that 53/66 (80%) of them to be members of high incidence leukemia or P.L. neonatal cohorts. Therefore it would seem more likely to implicate the common neonatal environment as the major factor in causation rather than genetic effect.
Discussion
The exact significance of neonatal cohort clustering in the seven leukemia clusters observed in this sample of cases is not yet. clear.
Therefore, conclusions based on the inferred implications-of these.
occurrences must remain speculative in a study of this type. But. since the neonatal cluster represents a random genetic sample drawn from the herd, i.e. that the members of the cohort were not unusually closely related genetically nor unusually genetically different. from other cattle in the herds, then some form of transmission is apparent..
The existence of such close temporal-spatial relationships between two or more leukemia cases in seven different herds indicates that transmission occurs under very special circumstances. The neonatal clustering strongly implies that there is age specific or age limited susceptibility in the natural transmission of bovine leukemia. The close temporal-spatial relationships of these cases also implicates a differentially specific source of exposure for these cohorts during the neonatal period.
It is interesting to speculate on all of the numerous possible exposure experiences that the leukemia cases had as calves.. Those potential.environmental exposures which are common to all cattle in the herds must naturally be rejected.
Subsequently,. only those common exposure experiences which can be implicated are those which were specific for certain groups of cattle during the neonatal period
and not for other cattle in the herds born during the same year..
The presence of progeny of leukemia case and P.L. dams in the high incidence cohorts indicates that there is a potential direct " source of the "bovine leukemia virus" via calf or infective lactate.
The herd management practices of pooling milk or colostrum does. give certain neonatal cohorts indirect contact with these potential.carriers (17, 20) It is interesting that the leukemia cases in two cohorts. were clustered temporally both with respect to birth and also at death.
The lack of temporal clustering at death in the other five cohorts may indicate individual variation in the induction period of leukemia. This is possibly due to variation in susceptibility or other unknown promoting factors.
Neonatal association with calves which developed leukemia" as adults evidently appears to be associated with occurrence of P.L. Studies of dam-daughter pairs in respect. to leukemia and lymphocytosis incidence revealed significant familial·similarities. Daughters which were dissimilar to their dams had neonatal association with leukemia cases.
These studies indicate that bovine leukemia may be naturally transmitted vertically to progeny and also horizontally to susceptible neonatal calves. 
